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NOZZLE FOR A GAS-INSULATED SWITCHING DEVICE AND RELATED 
SWITCHING DEVICE 



The present inventioa relates to a nozzle for a gas-onsulated switching device for high- or 
5 inedhimrVQlta^ appHcationSt ie. for voltages above 1000 Volt, and to a related switching 
device comprising such a nozzle. 

As it is widely Icnown in the art, gas insulated switching devices for high- and medium- 
vdtagje applications normally comprise a fixed arc contact and a mobile arc contact; it is 
also known that sev^:al types of gas switching devices for high- and medium-voltage 
10 applications may additionally have a so-called fixed main or p^tianent contact and a 
conespcmding mobile main or pecmanrat cont^t through which the current mainly passes 
when the gas switching device is in a closed position. 

In both solutions, during opooing/closing operations, usually electric arcs strike between the 
aidng contacts; a nozzle asseooibly is gmexaUy positiraied around the aic contacts in order 
15 to delimit the arcdng zone and to restrain the potentially negative effects of such electric 
arcs. By means of the nozzle assembly, a sufficient flow of gas is obtained in the arcing 
zone so as to cool the arcing contacts sofficiraily and remove heat, thus, circuit breakmg is 
enabled to be pecfonned over the entire required int^xnption window and for currents going 
up to the short-circuit breaking edacity. 
20 Examples of existing nozzles are disclosed in patent documents US 6,483»064, US 
5,216,214 andEP0524O88, 



At present, known nozzle assemblies have soxm drawbacks, as regard in particular to their 
constructive structure, manufacturing, and mounting in switching devices as welL 
Indeed, known nozzle assemblies are generally realized by means of several different 
25 pieces, mainly a converging-div^ging body, made of insulating matraial, a so-called puffer 
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cap, axid otber additional conqponents for realizing the mechanical connections. In 
paiticolar, the inCTTatrng body is generally realized by using a cjlinder of raw mat^al 
wUdb is machined, e.g. vnih a latfae» so as to obtain the desited shape; altemativdiy, the raw 
material is first prefoimed, thus achieving a rough shape» and then machined with suitable 
5 tools. botii cases a lot of raw materials is wasted and machining is usually difBcult and 
time consuming. 

Hence» costs and manufacturing time are not optimized^ whilst assembly inside the 
switching device, due to tiie use of differeat pieces, is rath^ cumbersome and mechanically 
complicated. In particular^ when the main contacts are present^ the nozzle assembly is 

10 mounted by meai^ of mechanical connection means on the mobile equipm^t of the naain 
mobile contact, as descdbed, for example in patent US 5^39,692; in addition to bdng mare 
complicated, this solution is clearly not suitable when the switching device has only the arc 
contacts, thus focdng to adopt different constroctive solutions and lacking in flexibility. 
IPhiaSiy^ gas switching devices fx high- and medium-voltage applications may furth^ 

15 comprise an electrically conductive shield, positioned externally to and operatively 
associated with the nozzle assembly, in order to optimize the d-ectdc field distribution in 
(fae arcing zone and in its surroundings. Therefcxce, also tins function is usually perfonned 
by means of an additional dedicated component and results in a non-opti3tnized space 
occupation inside the device* 

20 Altaxiatively, when the main contacts are preset, tiie mobile main contact is machined so 

as it has a shape which performs the shielding function; in this case, particular care must be 

taken when shying the contacts and assembling tiiem on the structure of the switching 

device in ord^ to avoid damages* This de^y results in a strong complication in the 

machinery of the mobile main contact and in assembling the switching device, with a 

25 consequ^t inorease in manufiactuiing time and cost 
I-0295-BP 2 
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The main aim of the present mvention is to provide a nozzle for a gas-switching device for 
high-* or medimn-voltage applications, which allows to overcome the above mentioned 
drawbacks, and in particular which has an opthnized structnte and can be realized by a 
simplified manner with respect to known nozzles. 
5 Wittdn the scope of tibis afan> an object of the present inv^dcMi is to provide a nozzle for a 
gas-switching device for higji- or mediomrvoltage applications, which is able to perform 
different operating funcdons with a reduced number of mechanical parts. 
Anothear object of the present invention is to provide a nozzle for a gas-switching device for 
high- or medium-voltage applications, which allows easiag its moimting inside the 
10 switching device. 

A iinther object of the present invention is to provide a nozzle far a gas-switching device 
for high- or medium-voltage applications which is highly reliable, relatively easy to realize 
and at conqc^etitive costs. 

This aim, diese obj ects and othos which win become ai^arent h^Eeinaflter are achieved by a 

15 nozzle for a medium or high voltage gas switching device of the type having at least a 

couple of separable arc contacts, comprising a hollow shsq^ed body suitable to be positioned 

in^de the device around the zone where electric arcs farm between said arc contacts during 

swildnng operations, characterized in that said hollow shaped body has a first portion 

electrically conductive and a second portion made of dlectrically insulatiii^ mfltm g^i which 

20 surrounds at least parfially said first portion. 

Florfher charact^jstics and advantages will become apparent from the description of some 

preferred but not exclusive embodiments of a nozzle according to the invention, illustrated 

only by w^ of non-limitative examples with the accom|>an3^g drawing of Figure 1 which 

is a sectional plan view schematically illustrating the nozzle according to the invention used 

25 inside the intenuption unit of a circuit breaks. 
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The nosczle according to Ifae invratioii is particiilaiiy suitable for use in medium or high 
voltagp circuit breakers and will be described by making reference to its use vntb such a 
type of switching devices, without intending however to limit in any way its possible 
applications. 

5 Figure 1 scbmalically illustrates part of tiie interruption equipment of a circuit breaker in 
an open position; as shown* said circuit breaker comprises a puffer chamber 10, a fixed arc 
contact h realized for exanq>le by means of a conducting rod, a mobile arcing contact 2, 
constituted fw cxmspto by a hoDow metallic tube, which is operatively connected to 
suitable actuation means (not illustrated) devised to displace the mobile arc contact during 

10 qpeiations from a first positicm in which it is electrically coupled to the fixed arc 1, and a 
second position xn^iere it is separated fhere&om. The interruption equipment is normaUy 
placed inside a casing (not illustrated), made for example of porcelain or other suitable 
polymedc ccmiposite materials, which is filled with insulating gas, e.g. SFa. 
In normal operatmg conditions, the two arc contacts 1 and 2 are electrically coiq>led with 

15 the head of the fixed contact 1 housed inside the tubular body of the mobile arc contact 2; if 
opening a£ tiie breaks occurs (direction of the mobile equipment along the arrow 3), an 
electric arc normally stdkes at the zone 20 where the two arcing contacts start to separate; a 
suitable nozzle is positioned around the zone 20 where the arcs strike in order to quench 
and restrain thdr effects. 

20 Advantageously, tb& nozzle according to the invention comprises a hollow shq)ed body 

100, preferably having a substantially cylindrical symmetry, and compri^g a first portion 

101 electrically conductive, and a second portion 102 which is made of substantially 

electrically insulating mat^dal that surrounds at least partially the first portion 101. 

According to a prefened embodiment, the nozzle is constituted by a unique integral body 

25 with the first portion 101 incorporated in the second portion 102. 
I-0295-EP 4 
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Foffhar, the first portion 101 is advantageously shaped so as to act as an electdc shield; in 
particular, the first portion 101 has preferably a substantially annular shape, for exaniple a 
shaped annular body or a shaped tbg, placed at an ixmet ckcumfeience of the hollow body» 
and the second portion 102 surrounds the first portion lOi without fuUy enclosing it, i.e. it 
5 is shaped so as the internal boundary surface 120 of the annular body is not in contact with 
the second portion but is left uncov^?ed» This allows to have a snLooth electrical field 
distribution between the open arcing contacts and its surroundings, and to optionize the 
shielding function according to a simple and functionally optimized solution. 
The second.portion 102 has a lower tip part 103 which has a shaped profile so as to act as a 
10 puffer cap, Le. dunng opraing it acts as a piston and compresses the gas inside the chanlber 
10, tiius allowing flow of tbe gas through the nozzle itself. 

Preferably, the second portion 102 is made of moldable insulating material, such as a 
thennoplastic lesin able to withstand high temperature and pressure conditioaos; in this way, 
the second portion 102 of the nozsdebody according to the invention can be advantageously 
15 manufiactured by direct injection molding, that allows to properly shaping the second 
pcHtion in a relatively easy and cost-effective way. 

Proper moldable insulating materials for the second portion 102 are fin: example fluorine 
based compounds, preferably a fluorinated co-polymer ethyleaenpropj^ene, commercially 
known as FBP, or perfluoroalkoxy polymers, commercially known as FFA, both produced 
20 by DuPont or by Dyneon, or mixtures thereof. Particularly suitable for beuig used in the 
second portion 102 are materials of the family of PPA which comprise co-polymer of 
tetrafluoroetfaylene and a perfluoroprcqpylvinilether, commercially known as Hyfion PFA, or 
a p^uoEomethylvinilethar, commox^ially known as Hyflon MFA, both produced by 
Solvay. 

25 In a prefiscred onbodiment, the first portion 101 is also realized by using a moldable 
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conductive matenal, and comprises an insulating matxix and a fOler. Hie insulating matrix 
is realized by means of a material selected fixxm those above indicated for the second 
portion 101, e.g. FEP, PFA, or mixture ttiejeoft advantageously, both portions 101 and 102 
are realized using the same moldable insulating materiaL 
5 In tum» the fill^ is made of one or more electrical conductive malmals, for example 
graphite or carbon or superconductive carbon or mixtures thereof, preferably in form of 
powder or grains of proper dimensions* chosra in tibe range fiom nanometers to millimeters. 
In order to ensure a propa conductivity and stability of die material^ tlie volume of the fiUler 
is chosen in the range between 0,1% and 40%, of the total volume of the first portion, 

10 preferably betwem 0,5% and 35%, myore preferably b^een 1 % and 30%. 

According to this embodimrat, the nozsde is pr^erably manufiictuied by co-injectian 
molding of the mat^als forming the two portions in a unique mold; this allows to 
manufacture the nozzle according to a process which is extremely simple and at low^ cost 
with respect to known solutions. 

15 Altematively, the first portion 101 can be made completely of a metallic annular piece; 
according to this solution, the nozzle is manufactured positioning in a mold the first portion 
101 and then injecting the moldable insulating material of the second portion 102 directly 
flieEeon. 

As previously motioned, liie nozzle according to the invention is suitable for appIic£^ons 
20 with different types of higb-or medium voltage gas insulated switching devices, in 
particular circuit breakers; accordingly, the present invention also relates to a biglt-or 
nciedium voltage gas insulated switdiing device compising a nozzle as previously 
described* 

As menticnaed above, the nozzle is positioned around Hie arc contacts 1 and 2, ].e. wh^ 

25 they are in electrical coupling, in ordor to delimit the zone 20 where the electric arcs form 
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between them during opening and closing operations; according to a particularly preferred 
embodiment, sliown in figure 1, the nozzle is mechanically secured directly onto the mobile 
arc contact 2 by means of connecting means 110. In this way, assembly steps are 
significantly simplified with respect Co known solutions; furtiier, this solution is 
5 independent from the presence of the so-called main or permanent contacts^ thus resulting 
in a greater flexibility of applications and reduction of overall production costs. 
Plcefrarably, the nozzle is mechanically secured directly onto the mobile aic contact 2 by 
means of conductive connect]}]^ means 110, e.g. metallic screw means or nails or rivets, 
which are advantageously configured and positioned so as to electrically connect the first 

10 portion 101 widi the arc contact 2; in this way the conductive part of the nozzle is at the 
same voltage of the mobile arc contact 2, thus allowing the electric shielding action. 
In this way, the connecting means 110 perform at the same time both mechanical and 
electrical ftmcdons, widi a consequent furfb^r simplification in realizing and assembling the 
switching device, according to an ^Ktremdy compact constructive solution* 

IS In piacdce, it has been found that the nozzle according to the piesent invention fiiUy achieves 
the intended ahn and objects, giving several advantages with lespect to pdor art solutions. In 
feet, as pievionsly desctibed^ the nozzle is tealized by a unique body widch, thanks to its 
innovative structure, is able to perform several functtons winch in the prior art are instead 
pOEformed by several different elements; in particular, the nozsde accordfaig to tiie present 

20 invration is able to work at the same time, not only as part an arc quenching element, but also 
as an electric slueld, and also as a puffer cap. Fmther, it can be realized by means of extremely 
sinqyilified manufiactoring qperations, thus obtarning ^gnificant saviiiigs in terms of material, 
time and production costs. 

Finally, its assembling inside a gas-switching device, and connections with the otiier 

25 ' caasponeasts of it, are very simple, functionally effective and fest witii an optimized intanal 
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space occupation* Tins jcsvdts m an oveially improved switching device. 
Ibe nozzle and the lelated switching device thus conceived^ are susceptible of 
modifications and variations, all of which are withm the scope of the invCTtive concept; all 
the detaQs may furtheamore be jceplaced vwth technically equivalent elements. For example 
tiie dLectdcally conductive portion ooold be completely incorpora^ inside and fully 
covered by the second portion 102. In practice, die materials used, so long as they are 
compatible with ttie ^pedfic use, as well as the dimensions, may be any accoxding to the 
requirements and the state of die arL 
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CIAIMS 

1. Nozzle for a medium or bi]^ voltage gas switching device of the type having at least a 
couple of separable arc contacts (1, 2)» comprising a hollow shaped body (100) 
suitable to be positioned inside the device aroimd the 2one (20) where electric atcs 

5 form between said arc contacts (1, 2) dniing switdbing operations, characterized in 

that said hollow shaped body (100) has a first portion (101) electrically conductive 
and a second portion (102) made of electrically insulating materia] which sunounds at 
least partially said first portion (101). 

2. Nozzle accordmg to claim 1, charact^ized in that said hollow shaped body (100) is 
10 realized in a dngle body with said first portion (101) incorporated in said second 

portion (102). 

3. Nozzle according to dahn 1, characterized in that said first portion (101) is shaped so 
as to act as an electric shield* 

4. Nozzle according to cme or more of the pieceding claims, characterised in that said 
15 first portion (101) has a substanrially annular sh^e and is positioned along an inner 

circumfereiice path of the hollow slaaped body (100). 

5. Nozzle according to one or more of the preceding claims, characterised in that said 
first portion (101) and /or said second portion (102) comprise moldable materials. 

6. Nozzle according to claim 5, characterized in that said first portion (101) is made of a 
20 matrix of substantially moldable insulating material and a conductive filler. 

7. Nozzle according to claim 6, characterized in that the volume of said filler is in the 
range between 0,1% and 40%, preferably 0,5% and 35%, more preferably 1% and 
30%, of the total volume of said first portion. 

8. Nozzle according to one or more of the claims fiom 1 to 4, characterized in that the 

25 said first portion (101) is substanrially made of a metallic piece. 

I-0295-BP 9 



l9--12-03i 1 1 s 46 ;abb ricerca s. p. a 



; 0226232 1 93 ^ 21/ 

021 19.12.2003 13:08 



9. Nozzle according to one or more of the preceding claims characterized in tbat it is 

realized by means of co-injection molding, 
10* Gas switching device for hi^ and medimn voltage applications comprising at least a 

mobile arc contact (2) and a fixed arc contact (1), characterized in that it comprises a 
5 nozsde according to one or more of the preceding claims. 

11. Gas switching device acoxcding to claim 10 characterized in that said nozzle is 
mechanically secoied directly onto said mobile ate contact (2). 

12. Gas switching device accoiding to claim 11, characterized in that said nozzle is 
mechanically secured directly to the mobile arc contact (2) by means of conductive 

10 ooimecting means (110) which are configuxed so as to electrically connect said mobile 

arc contact (2) to said first portion (101). 
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NOZZiM FOR A GAS-INSULATBD SWITCHING DEVICE AND RELATED 
SWITCHING DEVICE 

ABSTRACT 

A nazde for a medium or high voltage gas switching device of tihie type having at least a 
5 couple of separable arc contacts (1, 2), con^rising a hollow shaped body (100) suitable to be 
positioned inside the device around the zone (20) where electiic arcs form between said aic 
contacts (1, 2) during switcfamg opeiations, diaractedzed in that said hollow shaped body 
(100) has a first portion (101) electrically ccmductive and a second portion (102) made of 
electrically insulatmg mat^al which surrounds at least partially said first portion (101). 
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FIG. 1 
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